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Abstract: The eutrophication of shallow lakes has become a global environmental issue. Phosphorus (P) is a key driver of lake
eutrophication, and its distribution within sediments, as well as the transformation among its different fractions, directly influences the

potential for internal P release and the trajectory of ecological restoration. While existing studies predominantly focus on internal

" 2026-05-19 W ki; 2006-06-298 Y& 2H#;2006-06-30 FH
E X E AR A HRIE (2022YFF0801100) FE X HARRI SEIEETH (42507663) B 7).
** E-mail: guangjiechan@ynnu.edu.cn, rwang@niglas.ac.cn



phosphorus (P) release in shallow lakes, the long-term alterations in sedimentary P speciation driven by eutrophication and the underlying
ecological feedback mechanisms remain poorly understood. In this study, 37 shallow lakes in the Eastern Plain of China were selected as
research subjects. Based on sediment core records and combined with contemporary physicochemical water quality observations, we
reconstructed the centennial evolutionary history of P fractions in lake sediments and explored their environmental implications. The
results indicate that eutrophication has led to an increase in algal biomass, leading to an increase in the content and proportion of high-
release-risk active phosphorus in surface sediments, alongside a decrease in the content and proportion of relatively stable calcium-bound
phosphorus (Ca-P). Furthermore, the ratio of Ca-P to calcium (Ca) continuously decreased over the time series, indicating a gradual
weakening of phosphorus fixation processes associated with calcium carbonate. These processes include the substitution of phosphate
ions (PO4*) for partial carbonate ions (COs>") within the crystal structure of calcium carbonate (CaCOs), as well as the formation of
insoluble calcium-phosphate minerals on the surface or within the interior of CaCOjs crystals. This further suggests that the accumulation
capacity for inert phosphorus in shallow lake sediments may be impaired under eutrophic conditions. This study concludes that the elevated
proportion of labile P in sediments will exacerbate the risk of internal P release and intensify the positive feedback loop of the turbid water
state, thereby making the restoration of lake ecosystems significantly more difficult.
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Fig. 1 Distribution of sampling sites in 37 lakes in the Eastern Plain
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Tab.1 Basic information of 37 lakes in the eastern plain

Fr 51 . _ W T TLI
WA iG] PR TN TP B IR
5 (G KR EizRd
N(°) E(°) (km?) (m)  (mg/ll)  (mg/L)
S1 Ft45H] SIH 117.07 3038 103.9 4.89 0.52 0.03 40.43 TR
S2 it T PGH 117.14  30.64 22.7 2.76 1.17 0.17 61.39 HEEE R
S3 ST CZH 117.07 30.8 146.3 6.54 0.6 0.04 43.98 g IR
S4 A PH 116.44  30.17 175.3 533 0.55 0.03 40.91 TR
S5 Y30 LGH 116.15  29.95 312.9 424 1.06 0.05 50.61 BEEER
S6 KEW DGH 11632 30.04 279 4776 1.76 0.11 61.31 R EE R
S7 pNEL TBH 11581 2997 27.1 3.16 1.93 0.51 74.55 TR
S8 TRl CHI 11569  29.78 50.5 2.5 1.56 0.09 58.66 BEEER
S9 £ SAI 11585  29.69 425 4.44 0.96 0.04 47.96 g IR
S10 S CEH 11516 3026 9.06 1.5 1.87 0.62 75.87 TR
Si1 ez i BAH 11471 3025 41.7 3 1.5 0.09 58.33 BEEER
S12 BT LZH 11451 3023 247.9 49 1.96 0.08 59.64 BEEER
S13 D TXH 11436 3042 353 2.95 1.93 0.23 68.08 R E TR
S14 7Sk FTH 11423 30.02 136.4 3.7 1.57 0.1 59.57 BEEER
S15 PEIH XLH 114.08  29.95 72.3 3.8 1.43 0.07 55.88 BEEER
S16 B A HGH 113.55 29.7 70.6 5.6 1.66 0.05 54.41 BEFER
S17 ] 2 8 DTH 11274 29.07 2625 6.39 145 0.09 58.04 BEEER
S18 i HH 11334 29.86 329.4 2.7 1.59 0.07 56.78 BEEER
S19 YR oK) CJH 11638  28.67 18.63 7.04 0.99 0.06 51.51 BEFER
S20 11 JSH 11634 2853 17732 843 0.44 0.02 35.73 IR
S21 PR YH 116.06  28.69 18.89 321 121 0.12 58.84 BEEER
S22 9 YFH 116.53  28.53 27.99 2~4 1.22 0.09 56.58 BEFER
S23 XIH TPH 11673 30.01 28.9 5.47 1.39 0.21 64.56 R EE R
S24 R E WCH 11672 3028 107.5 3.94 0.39 0.03 38.00 IR
S25 JRYHE ] MTH 116.6 30.42 727 2 0.78 0.06 49.50 BEEEHR
S26 FFH SHJ 118.88 3147 214.0 4.68 0.69 0.05 46.98 BEEER
S27 [55] 3 780 GCH 11892  31.28 315 4.17 0.82 0.04 46.63 BEEER
S28 [Rekiogt] NYH 11896  31.11 194.2 4.56 1.01 0.04 48.39 BEEER
S29 K5 CDH 11954 3161 84.3 1.72 126 0.14 60.44 T EE R
S30 i GEH 119.81 31.6 143.8 2.15 1.54 0.2 65.03 T EE R
S31 AR SBH 11943 32.62 97.3 3.84 0.84 0.07 51.38 BEEER
S$32 e S GYH 11929 3285 745.3 4.01 1.07 0.09 55.47 BEEER
33 paSES HZH 11859 3331 1576.9 1.77 1.49 0.16 62.94 T EE R
S34 SR BMH 119.14 3327 443 241 1.25 0.13 59.77 BEEER
S35 basl] TUH 117.81 332 443 2.89 1.41 0.11 59.43 BEEESR
36 A1 HUA 117.83 3298 473 1.31 0.94 0.07 5233 BEEETR
S$37 2L NSH 118.08  32.95 107.32 3.89 0.7 0.04 45.29 g IR
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Fig. 2 Contents and variation trends of surface physicochemical parameters of 37 lakes in the Eastern Plain (a indicates the contents of
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Fig. 3 Comparison of phosphorus fraction contents and percentages between surface and bottom layers (a-f represent the contents of Ex-
P, Fe-P, Al-P, Ca-P, OP, and Res-P, respectively; g-1 represent the percentages of the corresponding phosphorus fractions relative to total
phosphorus; blue indicates the bottom layer, and red indicates the surface layer)
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